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Ernest  W.  Peterson 


Abstract.  A  study  of  the  weather  record  from  1872  to  1980  from 
the  island  of  Fane,  on  the  west  coast  of  Jutland  in  Denmark, 
supports  the  findings  of  earlier  studies  which  indicate  that 
the  period  of  the  1930's  and  1940's  were,  climatologically, 
warmer  than  the  preceeding  50  years  and  since  about  1950. 
Although  the  annual  precipitation  increased  up  until  about  1920 
and  remains  relatively  constant  since,  there  was  a  maximum  in 
shower  activity,  a  minimum  in  the  annual  number  of  cyclone 
passages,  and  a  maximum  in  the  length  of  dry  episodes  in  the 
1930's  and  1940's.  There  was  also  a  climatological  maximum  in 
the  severity  of  the  winters  during  that  period. 
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-The  climatological  trends  are  clearly,  indicated  in  the  data, 
when  averaged  over  30  years  or  so,  and  the  trends  in  several 
different  climate  variables  determined  from  independent 
measures  of  the  weather  at  Fana  are  consistent  with  each  other. 
However,  the  sizes  of  the  trends  in  climate  are  at  least  an 
order  of  magnitude  smaller  than  the  standard  deviations  of  the 
interannual  variations  in  most  of  the  weather  measures.  Over 
periods  of  several  generations  these  small  variations  in  cli¬ 
mate  cannot  have  had  any  effect  on  human  activity  when  compared 
with  the  large  effects  caused  by  the  interannual  variability  in 
the  weather. 
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1 .  INTRODUCTION 

Recently  long-term,  continuous  weather  records  have  been  tran¬ 
scribed  to  magnetic  tape,  which  puts  them  in  a  form  suitable 
for  analysis  with  the  aid  of  a  computer.  Before  this  time  the 
number  of  data  was  too  large  for  analysis  except  in  the  most 
superficial  of  ways.  With  the  aid  of  a  computer  one  is  now  able 
to  look  at  these  records  in  some  detail  and  therefore  glean 
information  about  interesting  past  weather  events  and  climatic 
trends.  This  report  presents  the  results  of  a  study  of  the 
weather  record  (1872-1980)  from  the  island  of  Fano,  on  the  west 
coast  of  Jutland,  in  Denmark.  It  is  the  first  of  several  inves¬ 
tigations  which  are  planned  for  the  purpose  of  discovering  how 
the  climate  in  Denmark  and  the  region  encompassing  northwestern 
Europe  has  varied  over  the  past  century,  since  detailed  weather 
records  have  been  kept.  A  summary  of  the  results  is  presented 
in  Section  2  and  the  results  of  the  detailed  analyses  are  found 
in  Section  3. 


2.  SUMMARY  AND  CONCLUSIONS 


2.1.  Evidence  of  Climate  Variation 

i 


The  year-to-year  variation  in  weather  patterns  is  quite  large 
when  compared  to  the  changes  in  climate  which  occur  over 
periods  of  less  than  a  few  hundred  years.  As  is  discussed  in 
Section  3.1,  there  has  been  evidence  that  a  warming  trend  has 
taken  place  in  the  northern  hemisphere,  beginning  sometime  in 
the  19th  century  and  continuing  up  until  the  1940's.  This  trend 
is  not  at  all  evident  from  the  record  when  the  year-to-year 
variation  in  the  weather  is  retained.  Only  when  the  interannual 
variability  is  subdued  by  means  of  taking  long-term  averages 
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does  this  trend  reveal  itself.  The  data  from  Fana  support  the 
temperature  trend  seen  elsewhere.  In  addition  there  is  evidence 
from  other  measurements  taken  at  Fane  that  the  climate  has 
indeed  varied  over  the  past  century. 

The  30-year  running  mean  of  the  pressure  record  shows  a  clima¬ 
tological  trend  towards  higher  pressure,  peaking  at  about  1930 
and  decreasing  since.  The  record  of  cloudiness  shows  a  corre¬ 
sponding  trend  towards  less  cloudiness  in  the  1930's  and  1940's 
than  before  or  since.  Since,  on  the  average,  higher  pressure 
goes  with  less  cloudiness,  the  records  of  the  two  weather  vari¬ 
ables  are  in  accord  with  each  other  and  support  the  validity  of 
the  independent  measurements  of  pressure  and  cloud  cover.  The 
temperature  record  is  also  supported  by  the  pressure  and  cloudi¬ 
ness  record  in  that  higher  pressure  and  fewer  clouds  mean  more 
sunshine,  therefore  more  heating  by  solar  radiation  and  thus 
higher  temperatures. 

The  precipitation  record  is  more  difficult  to  interpret.  The 
evidence  from  Fane  is  that  the  precipitation  has  increased 
through  at  least  the  first  third  of  the  20th  century,  and,  as 
can  be  seen  in  Section  3.3,  this  trend  is  observed  at  other 
stations  in  northwestern  Europe.  This  increased  precipitation 
in  the  face  of  higher  pressure  and  fewer  clouds  is  apparently 
contradictory.  However,  in  these  latitudes,  precipitation  is 
limited  by  temperature:  the  moisture  content  of  the  air  greatly 
increases  with  a  small  increase  in  temperature  when  the  supply 
of  water  vapor  is  unlimited,  as  it  is  in  a  marine  environment. 
Thus  it  is  physically  realistic  to  have  increased  precipitation 
along  with  less  storminess  and  less  average  cloudiness  if  the 
temperature  has  increased.  As  can  be  seen  in  the  Section  3.3, 
climatologically  there  has  been  an  increase  in  the  number  of 
days  of  shower  activity  and  a  decrease  in  the  number  of  cyclone 
passages  at  Fane  during  the  period  in  which  the  temperature, 
pressure,  precipitation,  and  cloudlessness  were  increasing. 

From  the  literature,  see  e.g.  Lamb  (1969  and  1972),  one  finds 
that  apparently  the  climatological  position  of  the  storm  track 
over  northern  Europe  was  farther  south  during  the  1930*s  and 


1940's  than  before  or  since.  This  is  in  accord  with  the  clima¬ 
tological  trends  found  from  the  Fane  record. 

Figure  2.1  shows  a  graph  of  the  30-year  running  means  of  the 
pressure,  temperature,  precipitation,  and  cloudlessness  records, 
normalized  by  their  respective  means  and  standard  deviations. 
Note  the  obviously  good  correlation  between  these  independent 
records  from  the  19th  century  up  through  the  1940's.  The  record 
since  then  is  too  short  to  make  any  firm  conclusion  about  the 
present  trend,  but  it  appears  to  be  changing  towards  a  return 
to  the  climate  found  in  the  early  part  of  the  20th  century. 


1880  1900  1920  1940  1960  1980 


YEAR 

Ha.  2.1.  Normalised  30-yaar  running  means  of  pressure,  tem¬ 
perature,  precipitation,  and  cloudlessness  from  Fan*.  Bach 
variable  was  normalised  with  Its  respective  Man  and  standard 
deviation. 


2.2.  Conclusions 

When  one  examines  the  details  of  the  weather  record  at  Fane, 
even  the  30-year  means  do  not  give  an  unambiguous  picture  of 
the  trends  in  the  climate,  though  one  can  begin  to  see  con¬ 
nections  between  the  trends  in  various  measures  of  the  climate. 
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The  temperature  record  indicates  that,  climatologically,  summer 
temperatures  were  higher  in  the  1930's  and  1940's  than  before 
or  since,  while  trends  in  the  winter  temperatures  are  less  ap¬ 
parent.  There  were  longer  periods  of  low  temperatures  in  this 
period  than  before  or  since  and  there  is  some  evidence  of 
shorter  episodes  of  warm  weather  during  the  period.  The  number 
of  frost  days  was  higher  in  the  1930's  and  1940's  than  before 
or  since,  while  there  has  been  a  downward  trend  in  the  number  of 
degree  days  since  the  beginning  of  the  record. 

Precipitation  increased  up  to  about  1920  and  has  been  rela¬ 
tively  constant  since.  There  is  some  indication  that  the  length 
of  periods  of  dry  weather  had  a  maximum  during  the  1930's  and 
1 940 ' s .  The  increase  in  precipitation  seems  to  be  due  primarily 
to  an  increase  in  shower  activity,  since  the  frequency  of  cyc¬ 
lones  had  a  minimum  during  this  period.  Along  with  a  maximum  in 
the  30-year  running  mean  pressure  there  was  a  corresponding 
minimum  in  the  cloud  cover. 

No  definite  conclusions  can  be  drawn  from  the  wind  record.  The 
wind  speed  information  is  not  very  useful  since  it  resulted 
from  an  attempt  to  make  precise  the  subjective  interpretations 
of  the  various  observers,  each  of  whom  had  their  own  personal 
method  for  categorizing  the  winds.  The  official  scale  for  cat¬ 
egorizing  the  winds  also  changed  over  the  century  and  a  one-to- 
one  correspondence  between  one  scale  and  another  was  not  found. 
The  prevalence  of  the  westerlies  appears  to  have  decreased 
somewhat  over  the  century  but  it  is  necessary  to  investigate 
other  wind  records  from  the  region  before  any  conclusions  can 
be  made  of  the  reality  of  this  phenomenon. 

The  record  from  Fan®  supports  other  evidence  indicating  a 
warmer,  drier  (except  that  there  was  more  precipitation  due  to 
increased  shower  activity)  climate  duing  the  1930, s  and  1940's 
than  before  or  since.  The  record  contains  more  detail  than  has 
heretofore  been  presented,  in  that  it  was  possible  to  analyze 
the  pressure  and  cloud  cover  record  for  the  past  century  as 
well  as  the  usual  temperature  and  precipitation  information 
that  has  been  studied  for  other  places  by  earlier  investigators. 
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The  short  record  since  the  1940's  suggests  that  the  climate  in 
northwestern  Europe  is  beginning  to  cool  again.  The  interannual 
variability  of  the  weather  is  very  large  when  compared  to  the 
variability  in  climate.  There  is  no  way  in  which  a  human  ob¬ 
server  could  be  aware  of  the  climate  changes  over  his  lifetime, 
and  any  suggestion  that  the  observed  weather  is  to  any  signifi- 
acant  extent  different  than  it  was  a  generation  ago  is  apocry¬ 
phal.  The  effect  of  year-to-year  variations  in  weather  on  human 
activity  is  great;  the  effect  of  variations  in  climate  over  the 
past  century  is  nil. 


3.  ANALYSIS  OF  WEATHER  DATA 


The  data  used  for  this  study  was  supplied  originally  by  the 
Danish  Meteorological  Institute.  The  data  were  scanned  for  er¬ 
rors  and  missing  information  by  N.  Brown  (see  Brown  et  al., 
1983),  and  the  faulty  material  corrected.  The  magnetic  tape 
containing  the  corrected  data  was  supplied  to  Risa  by  Brown. 

For  details  about  these  corrected  data  and  the  observations 
from  which  they  resulted,  one  is  referred  to  Brown  et  al. 

( 1983). 

The  corrected  data  contain  information  concerning  the  weather 
at  Fane  from  November  1872  through  December  1980.  For  most  of 
this  study  only  that  data  from  October  1874  through  September 
1980  were  used.  The  record  contains  the  following  information, 
from  observations  made  three  times  a  day,  at  0800,  1400,  and 
2100  hours:  pressure,  temperature,  relative  humidity,  wind  speed 
and  direction,  visibility,  precipitation,  maximum  and  minimum 
temperatures,  snowcover,  snowdepth,  past  weather,  present 
weather,  and  cloud  cover. 
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3.1.  Temperature 

Temperatures  at  Pane  were  measured  by  two  independent  instru¬ 
ments:  a  maximum-minimum  thermometer,  and  an  ordinary  ther¬ 
mometer  at  0800,  1400,  and  2100  hours.  The  two  temperature 
records  were  compared  and,  on  the  average  (i.e.  at  least  for 
annual  and  seasonal  means),  found  to  agree  with  each  other.  As 
the  maximum-minimum  thermometer  measures  the  temperatures  of 
most  use  for  climatological  purposes,  most  of  the  discussion  in 
this  section  is  based  on  temperatures  measured  by  this  instru¬ 
ment. 

Since  the  purpose  of  this  study  was  to  determine  which,  if  any, 
features  of  the  climate  at  Pane  have  varied  over  the  past  cen¬ 
tury,  it  was  necessary  to  choose  some  way  of  reducing  the 
weather  for  a  particular  year  to  some  small  set  of  numbers.  In 
this  section,  which  is  concerned  only  with  temperature  measure¬ 
ments,  many  graphs  are  presented  of  quantities  deduced  from  the 
temperature  record,  plotted  as  functions  of  year.  By  examining 
each  graph,  one  can  pick  out  unique  features  such  as,  the  year 
with  the  coldest  or  warmest  month  of  the  century,  the  year  of 
the  peak  in  the  30-year  running  mean  of  the  temperature  of 
the  coldest  month,  the  year  with  the  longest  period  in  which 
the  temperature  did  not  rise  above  0C,  and  so  on,  ad  infinitum. 
One  quickly  comes  to  the  realization  that  each  year  is  unique, 
each  has  features  peculiar  to  that  particular  year,  and  that  it 
is  not  really  possible  to  grasp  the  long-term  trends  in  whatever 
features  that  are  of  interest  by  compiling  lists  of  the  pecu¬ 
liarities  of  individual  years.  In  fact,  even  in  making  long-term 
averages  of  various  quantities  and  looking  for  trends  in  the 
averages,  one  is  faced  with  difficult  decisions  as  to  which 
quantities  and  in  which  manner  they  should  be  dealt  with.  There 
are  innumerable  ways  to  look  at  the  temperature  record  and  the 
graphs  displayed  here  are  by  no  mean  necessarily  the  best  selec¬ 
tion  one  can  make,  but  by  studying  them  one  can  get  some  idea 
of  the  way  the  weather  varies  year  by  year  and  how  the  climate 
varies  at  a  coastal  station  n  northern  Europe. 
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3.1.1.  Monthly  mean  Temperature 

Figure  3.1.1a  is  a  plot  of  the  mean  temperature  for  each  month 
as  a  function  of  year.  (The  mean  temperature  is  defined  as  the 
average  of  the  maximum  and  minimum  temperatures).  There  are  12 
curves,  one  for  each  month,  and  as  one  can  see,  there  is  a  lot 
of  variation  from  month  to  month  and  year  to  year.  One  can  pick 
out  certain  features  that  may  be  of  interest,  e.g.  the  coldest 
month  in  the  record  occurred  in  1929,  and  the  warmest  month  oc¬ 
curred  in  1947.  Any  climatological  trends,  however,  are  obscured 
by  the  large  interannual  variation  in  each  monthly  temperature. 


Pig.  3,1.1a.  Mean  monthly  temperatures  at  Fane  as  functions  of 
year. 


Figure  3.1.1b  displays  the  30-year  running  means  of  the  monthly 
mean  temperatures  shown  in  Fig.'  3.1.1a.  (Since  it  is  customary 
to  use  30-year  means  in  discussing  climatic  features,  they  are 
used  throughout  this  study).  One  can  see  trends  in  the  30-year 
mean  monthly  temperatures.  The  30-year  mean  summer  temperatures 
were  lower  in  the  early  part  of  the  1900's  than  they  were  in  the 
period  centered  around  the  1940's.  They  seem  to  be  declining 
now.  Some  of  the  transitional  months  show  an  increase  in  the 
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Fig,  3. 1 . tb.  Kean  Bummer  and  mean  winter  temperatures  at  Fane 
as  functions  of  year. 

30-year  mean  temperature,  continuing  to  the  present  day.  The 
30-year  average  of  the  temperatures  during  the  coldest  winter 
months  show  maxima  in  the  1910's  and  1920's,  minima  in  the 
194Q's  and  1950's  and  have  then  increased  again.  However,  the 
trends  in  the  temperatures  for  the  winter  months  are  smaller 
than  those  for  the  summer  and  transitional  months. 

3.1.2.  Seasonal  Mean  Temperatures 

For  the  purpose  of  viewing  summer  and  winter  seasons  separately, 
the  year  was  counted  as  beginning  in  October  of  the  preceeding 
calendar  year,  so  as  not  to  divide  the  winter  between  two  years. 
Host  of  the  graphs  in  this  report,  and  all  of  those  dealing  with 
the  seasons,  use  the  "seasonal  year",  i.e.,  that  beginning  in 
October.  The  winter  season  is  counted  as  November  through  March, 
and  the  summer  season  is  defined  as  May  through  September,  ex¬ 
cept  as  noted.  October  and  April  are  considered  as  transitional 
months,  not  properly  fitting  into  either  the  summer  or  winter 
seasons.  Figure  3.1.2a  shows  the  interannual  variations  of  the 
winter  and  summer  mean  temperatures.  Even  though  the  curves  are 
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Fig .  3.1.2a.  Mean  summer  and  mean  winter  temperatures  at  Fano 
as  functions  of  year. 
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fig.  3.1.2b.  Mean  temperature  difference  between  summer  and 
the  preceeding  winter  at  Pane,  as  a  function  of  year. 
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much  smoother  than  the  curves  for  the  individual  months  shown  in 
Fig.  3.1.1a,  there  is  still  much  interannual  variation  and  no 
trends  are  discernible.  Note  the  three  consecutive  cold  winters 
of  1940,  41,  and  42,  and  the  extremely  warm  summer  of  1947. 
Figure  3.1.2b  shows  the  temperature  difference  between  the  sum¬ 
mer  mean  and  the  mean  temperature  of  the  preceeding  winter.  Note 
the  unusually  large  difference  between  the  summer  and  winter 
temperatures  of  1947,  which  had  a  quite  cold  winter  followed  by 
the  warmest  summer  of  the  record.  Figure  3.1.2c  displays  the 
yearly  variation  of  the  30-year  mean  summer  temperature.  Note 
the  minimum  in  1916  and  the  maximum  in  1945.  Figure  3.1. 2d  shows 
the  yearly  variation  of  the  30-year  mean  winter  temperature. 
There  is  a  lot  of  variation,  even  when  the  winter  temperature 
is  averaged  over  such  a  long  time,  however,  there  appears  a 
slight  trend  to  warmer  winter  (30-year  mean)  temperatures  since 
the  latter  part  of  the  19th  century. 


3.1.3.  Annual  Mean  Temperatures 

The  trend  in  the  30-year  mean  temperature  is  displayed  in  Fig. 
3.1.3a  showing  a  definite  increase  in  the  30-year  mean  tempera¬ 
ture  since  the  early  part  of  the  20th  century.  Figure  3.1.3b 
shows  the  trends  in  the  30-year  means  of  the  daily  maximum, 
minimum,  and  mean  temperatures,  and  the  difference  between  the 
maximum  and  minimum  temperatures.  There  is  a  much  more  pro¬ 
nounced  trend  in  the  maximum  temperature,  toward  increasing  tem¬ 
peratures  up  until  at  least  1945,  then  in  the  mean  temperature. 
The  30-year  mean  minimum  temperature  shows  no  particular  trend 
at  all.  This  is  further  illustrated  by  the  distinct  trend, 
toward  increased  difference  between  the  maximum  and  minimum 
temperatures,  in  the  30-year  mean  temperature  range.  Figure 
3.1.3c  shows  the  annual  variation  of  the  yearly  averages  of  the 
temperatures  observed  at  0800,  1400,  and  2100  hours.  The  30-year 
means  of  these  quantities  are  displayed  in  Fig.  3.1.3d,  along 
with  the  mean  temperature  as  measured  with  the  maximum-minimum 
thermometer.  This  shows  the  general  agreement  between  the  two, 
independent  measures.  Note  particularly  the  agreement  between 
the  30-year  mean  temperature  trend  and  that  of  the  30-year  mean 
of  the  temperature  measured  at  1400.  This  illustrate  that  a 
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large  part  of  the  trend  in  the  annual  mean  temperature  is  due  to 
the  daytime  rather  than  the  early  morning  temperature,  although 
one  should  note  the  definite  increasing  trend  in  the  30-year 
average  of  the  2100  hour  temperature. 


3.1.4.  Severe  Winters 

One  measure  of  the  severity  of  the  winter  can  be  the  length  of 
the  longest  period  in  which  the  temperature  was  below  a  certain 
value.  In  this  study,  three  measures  of  winter  severity  were 
computed;  the  lengths  of  the  longest  period  in  which  the  mini¬ 
mum,  the  mean,  or  the  maximum  temperature  were  below  0°C.  Figure 
3.1.4a  show  the  interannual  variation  of  these  quantities.  Note 
that  severe  winters  are  somewhat  intermittent,  and  thus  one 
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Fig.  3.1.4a.  Lengths  of  the  longest  periods  each  year  In  which 
the  daily  ainiaua,  daily  aean,  and  daily  aaxiaua  temperatures, 
respectively,  do  not  rise  above  0°C  at  Fan*. 


would  expect  that  even  30-year  averages  should  display  consider¬ 
able  variation.  The  winter  of  1942  not  only  had  about  the 
longest  period,  ca.  70  days,  in  which  the  minimum  temperature 
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was  below  0°C,  but  even  the  mean  temperature  was  below  0°C  for 
more  than  two  months.  The  expected  rather  large  interannual 
variation  in  the  30-year  means  of  the  severe  winter  measures 
is  apparent  in  Fig.  3.1.4b.  All  three  measures  fairly  closely 
follow  the  same  pattern,  showing  minima  in  the  early  part  of 
the  20th  century,  around  1912,  and  maxima  in  the  1930's,  with 
definite  declines  from  1955  onward. 

The  intermittency  of  severe  winters  can  also  be  noted  in  Fig. 
3.1.1a,  where  the  descending  spikes  every  decade  or  so  since 
about  1930  represent  unusually  cold  winter  months.  The  period 
from  about  1895  to  about  1930  was  relatively  free  of  extremely 
cold  winter  months.  These  infrequent  but  relatively  quite  cold 
periods  are  associated  with  the  freezing  of  the  waters  sur¬ 
rounding  the  Danish  islands.  With  these  waters  frozen  the  winter 
becomes  more  continental  because  of  the  loss  of  the  modifying 
effect  on  the  weather  due  to  the  great  heat  capacity  of  the  sea 
(see  also.  Lamb  (1972),  pp  388-390). 


fig.  3.1.4b.  30-year  running  Mans  of  tha  lengths  of  tha 
longest  periods  in  which  respectively,  the  daily  einieue,  daily 
■axlsua,  and  dally  ainiaua  temperatures  do  not  rise  above  0°C 
at  Pans. 
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3.1.5.  Warm  Summers 

A  measure  of  the  warmness  of  the  summer  season,  or  the  length 
of  the  growing  season,  is  the  length  of  the  longest  period  in 
which  the  minimum  temperature  is  above  a  certain  level.  Here, 
two  levels  were  chosen:  0°C  and  10°C.  Figure  3.1.5a  shows  the 
interannual  variation  of  the  lengths  of  the  longest  periods  in 
which  the  minimum  temperature  was  above  0°C  and  10°C.  Again, 
there  is  much  interannual  variation  and  no  discernible  trends. 
Figure  3.1.5b  shows  the  30-year  running  mean  of  the  longest 
period  each  year  when  the  minimum  temperature  exceeded  0°C.  Note 
that  by  this  measure  summer  temperatures  were  warmer  in  the 
1900’s  and  the  1950's  than  in  the  late  1920's  or  in  the  1930's 
and  40's.  Figure  3.1.5c  shows  the  30-year  running  mean  of  the 
length  of  the  longest  period  each  year  when  the  minimum  tem¬ 
perature  exceeded  10  degrees.  Again,  there  are  peaks  around  1910 
and  in  the  1940's  and  a  distinct  minimum  in  1921.  A  definite 
declining  trend  extends  from  the  1940's  onward. 
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fig,  3.1.5a.  Maxiaua  length*  of  periods  In  which  the  daily 
■iniaua  temperature*  exceeded  0°C,  and  exceeded  10°C,  at 
Fane,  as  function*  of  year. 
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3.  1.6.  Frost  Days 


Figures  3.1.6a  and  3.1.6b  show  respectively  the  interannual 
variation  in  the  number  of  days  each  year  in  which  the  minimum 
temperature  fell  below  0°C  and  the  30-year  running  mean  of  this 
quantity.  The  interannual  variation  is  huge,  extending  from  a 
maximum  of  130  days  of  frost  in  1879  to  a  minimum  of  less  than 
40  days  in  1960.  The  30-year  running  mean  number  of  frost  days, 
Fig.  3.1.6b,  shows  a  relatively  mild  period  in  the  first  decade 
of  the  1900's  when  compared  to  the  period  centered  around  1930. 
Since  about  1935  there  has  been  a  rather  steady  decline  in  the 
the  30-year  average  number  of  frost  days  to  the  present  time. 


3.1.7.  Degree  Days 


The  total  numbers  of  degree  days  for  the  calendar  year  and  for 
the  heating  season  (October  through  April)  were  computed.  (The 
number  of  degree  days  each  day  is  defined  as  the  number  of  de¬ 
grees  the  temperature  is  below  17°C  and  is  zero  otherwise). 
Figure  3.1.7a  shows  the  interannual  variation  of  the  total  num- 
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Pie.  3. 1. 7a.  Annual  nusfcer  of  degree  days  at  Pane,  as  a  function 
of  year. 
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lia.-_.l-J  . 7d.  30-year  running  mean  of  the  annual  number  of 
degree  days  during  the  heating  season  at  Pane. 


ber  of  degree  days  each  year.  The  quantity  varies  between  about 
3000  and  4000  and  shows  no  discernible  trend.  However,  when  the 
30-year  mean  of  this  quantity  is  plotted.  Fig.  3.1.7b,  a  strong 
downward  trend  appears  of  more  than  5%  over  the  century, 
although  there  are  many  intervening  maxima  and  minima.  Figure 
3.1.7c  shows  the  interannual  variation  of  the  number  of  degree 
days  each  year  for  the  heating  season  and  Fig.  3.17.d  shows  the 
30-year  running  mean  of  this  quantity.  The  same  downward  trend 
in  the  30-year  mean  number  of  degree  days  during  the  heating 
season  each  year  is  exhibited  in  Fig.  3.1.7d  as  in  the  30-year 
running  mean  of  the  yearly  total  degree  days  as  shown  in  Fig. 
3.1.7b. 


3.1.8.  Mean  Seasonal  Temperatures 

Figure  3.1.8  exhibits  the  averages  and  standard  deviations  over 
over  the  whole  record  of  the  monthly  mean  and  summer  and  winter 
temperatures  at  Fane.  The  standard  deviations  of  the  monthly, 
seasonal,  and  annual  mean  temperatures  are  large  when  compared 
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Pig,  3.1.8.  Mean  (1875-1980)  nonthly  temperatures  and  standard 
deviations  of  the  annual  variation  of  monthly  temperatures  at 
Pane. 

to  the  size  of  the  trends  discussed  in  the  preceeding  portions 
of  this  section,  further  illustrating  why  the  long-term  trends 
in  climate  are  almost  completely  obscured  by  the  interannual 
variations  in  weather. 


3.1.9.  Conclusions 

The  general  trend  in  the  30-year  mean  temperature  suggesting 
a  warmer  period  centered  in  the  1940's  when  compared  to  the 
early  decades  of  the  20th  century  and  the  period  since  the 
1940's  is  supported  by  evidence  from  other  studies.  Lamb  (1969, 
p.  176)  cites  several  reports  supporting  an  increase  in  tem¬ 
perature  in  the  northern  hemisphere  during  the  first  half  of 
1900's.  However,  he  attributes  it  mainly  to  increases  in  winter 
temperature.  One  the  other  hand,  the  Fane  record  suggests  that,  \ 

at  least  in  northwest  Europe,  the  summer  temperature  is  the  more  1 

important  contributor.  The  trend  in  the  summer  temperature  at  | 
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Fane  is  almost  identical  to  the  trend  in  the  summer  temperature 
at  Thorshavn  in  the  Faroe  Islands  (Woetmann,  1978). 

In  conclusion,  there  appears  to  be  a  definite  climatological 
warming  trend  at  Fane  during  the  first  half  of  the  20th  century. 
This  is  expressed  primarily  by  increasing  summer  temperatures 
although  winter  temperatures  have  also  increased,  but  to  a 
lesser  extent  and  with  a  much  less  definite  trend.  The  clima¬ 
tological  trend  in  daily  maximum  temperature  shows  a  definite 
increase  but  there  is  no  discernible  trend  in  the  climatological 
daily  minimum  temperature.  There  is  a  slight  indication  of  a 
maximum  in  the  climatological  occurrence  of  severe  winters 
during  the  middle  portion  of  the  20th  century  when  compared  to 
the  early  part  or  to  the  present  day.  There  appears  to  be  a 
minimum  in  the  climatological  length  of  the  growing  season  dur¬ 
ing  the  1930's  and  1940's  and  the  number  of  days  with  frost 
shows  a  maximum  during  the  same  period.  The  number  of  degree 
days,  on  the  average,  has  decreased  by  about  5%  over  the  century 

Thus  the  temperature  record  indicates  a  somewhat  confusing  pic¬ 
ture  as  to  the  climatological  trends  since  the  latter  part  of 
the  19th  century.  While  there  is  a  definite  indication  of  a 
relatively  warm  period  in  the  middle  part  of  the  20th  century, 
this  warm  period  was  paradoxically  also  associated  with  rela¬ 
tively  shorter  growing  seasons,  longer  periods  of  cold  weather, 
and  more  days  of  frost  than  in  the  early  years  of  the  1900's 
and  the  period  since  the  1940's. 


3.2,  Humidity 

The  humidity  was  measured  at  Fan®  with  the  use  of  a  wet-bulb 
thermometer.  The  measurement  was  then  converted  and  reported  as 
relative  humidity.  In  this  study  the  relative  humidity  has  been 
used  along  with  the  temperature  record  to  compute  the  dew  point. 
There  appears  to  be  serious  problems  with  the  humidity  record 
during  the  period  of  the  early  1940's,  during  World  War  II. 


3.2.1.  Dew  Point 

Figure  3.2.1a  shows  the  mean  annual  dew  point  for  the  three  ob 
servations  times,  0800,  1400,  and  2100,  plotted  as  a  function 
of  year.  The  record  appears  reasonable  except  for  the  period 
around  about  1943,  when  there  was  an  apparently  unreasonable 
sharp  jump  in  the  mean  annual  dew  point,  particularly  for  that 
computed  for  observations  made  at  1400  hours.  The  30-year  run- 


observation  tines,  0800,  1400,  and  2100,  as  functions  of  year. 

ning  mean  dew  point  temperature  is  shown  in  Fig.  3.2.1b  and 
indicates  a  general  climatological  trend  toward  increasing 
dew  point  from  the  late  19th  century  up  until  about  the  1940’s, 
followed  by  a  decline  particularly  in  the  record  for  the  day¬ 
time  (1400)  observation.  This  trend  is  consistent  with  the  tem¬ 
perature  trend  discussed  in  Section  3.1,  though  interpretation 
is  hampered  by  the  contamination  of  the  record  by  the  seemingly 
erroneous  data  from  the  early  1940' s. 


Fig.  3.2.1b.  30-year  running  mean  of  the  mean  annual  dewpoints 
at  Fane  for  the  three  observation  periods. 


3.3.  Precipitation 

The  record  from  Fana  contains  information  about  the  daily  pre¬ 
cipitation,  snowfall,  and  snow  cover.  In  this  study,  analysis 
was  confined  only  to  the  record  of  daily  total  precipitation. 
Precipitation  amounts  can  vary  greatly  over  only  small  dis¬ 
tances,  and  the  amount  collected  by  a  particular  rain  gauge  is 
much  influenced  by  the  local  surroundings,  which,  if  they 
change,  such  as  by  the  growth  of  vegetation  around  the  gauge, 
can  effect  the  amount  of  precipitation  measured.  These  factors 
need  to  be  considered  when  analyzing  the  record  both  for  totals 
and  trends  in  precipitation  amounts. 


3.3.1.  Total  Precipitation 

Figure  3.3.1a  shows  the  annual  variation  of  precipitation  at 
Fana.  The  yearly  precipitation  varies  by  nearly  a  factor  of 
three  from  year  to  year;  1950  had  more  than  1050  mm,  while  1947 
had  less  than  450  mm.  Figure  3.3.1b  shows  the  30-year  running 
mean  of  the  annual  precipitation.  There  is  a  rather  striking 
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trend  toward  increased  precipitation  up  until  about  1930  and 
then  remains  relatively  constant.  This  could  be  the  result  of 
local  factors,  as  mentioned  above,  but  records  from  other  places 
in  the  northeast  Atlantic  region  also  show  increased  precipi¬ 
tation  (Lamb,  1969,  p.  197)  during  this  period.  Figure  3.3.1c 
shows  the  winter  (October-March )  and  summer  ( Apri 1-September ) 


YEAR  (October-September) 

Fig.  3.3.1c.  30-year  running  means  of  the  summer  and  winter 
precipitation  at  Fane. 


contributions  to  the  30-year  running  mean  of  yearly  precipi¬ 
tation.  The  amounts  of  precipitation  for  summer  and  winter  are 
almost  the  same  and  follow  the  same  trend  as  shown  in  Figure 
3.3.1b.  One  can  conclude  based  on  the  Fana  record,  and  others 
reported  by  Lamb,  that  there  has  been  a  climatological  trend 
towards  increased  raininess  in  northwest  Europe  through  at  least 
the  first  third  of  the  20th  century. 


3.3,2.  Dry  Periods 

The  length  of  the  longest  dry  period  each  year  (daily  precipi¬ 
tation  <  0.1  mm)  was  determined  and  plotted  as  a  function  of 


32 


1880  1900  1920  1940  1960  1980 

YEAR  (October- September) 


Pig.  3.3.2a.  Yearly  maximum  number  of  days  at  Fane  when  the 
amount  of  precipitation  was  less  than  0.1  mm,  and  when  the 
precipitation  was  less  than  0.1  mm  the  maximum  temperature 
exceeded  20°C,  and  25°C. 


Pig.  3.3.2b.  30-year  running  means  of  the  yearly  maximum  number 
of  days  at  Pane  when  the  total  precipitation  was  less  than 
0.1  m,  and  when  the  precipitation  was  less  than  0.1  mm  the 
maximum  temperature  exceeded  20°C.  and  25°C. 
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year  in  Fig.  3.3.2a.  Warm  (maximum  temperature  >  25°C)  dry 
periods  were  also  determined,  and  their  maximum  lengths  each 
year  are  also  plotted  in  Fig.  3.3.2a.  The  30-year  running  means 
of  these  quantities  are  shown  in  Fig.  3.3.2b.  The  clima- 
tologically  driest  period  is  centered  at  about  1933,  while  the 
warm  and  hot  dry  periods  lengths  appear  to  have  increased  up  un¬ 
til  about  1945.  Thus  it  appears  that  although  there  was  clima¬ 
tological  trend  toward  increasing  precipitation  during  much  of 
the  20th  century,  there  was  also  a  small  increase  in  the  lengths 
of  the  dry  periods.  This  suggests  a  decline  in  the  frequency  of 
steady  rain,  which  was  more  than  made  up  for  by  an  increase  in 
shower  activity. 

3.3.3.  Showers 

The  occurrence  of  shower  activity  was  estimated  by  searching  for 
those  days  when  the  daily  precipitation  exceeded  20  mm.  Figure 
3.3.3a  shows  the  number  of  such  occurrences  each  year  plotted 
as  a  function  of  year.  They  range  from  zero  to  eight  per  year. 


>  o 

fel 

h 
OC  < 
Ui  t 
03  q_ 

!o 

7  UJ 

o. 


YEAR  (October-September) 


Fig.  3.3.3*.  Number  of  days  each  year  at  Fane  when  the  precipi¬ 
tation  exceeded  20  am. 
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These  showers  occur  mostly  in  the  summer.  Figure  3.3.3b  shows 
the  30-year  running  mean  of  the  occurrence  of  showers.  The  trend 
is  toward  increasing  shower  activity  throughout  most  of  this 
century.  Figure  3.3.3c  shows  the  summer  and  winter  contributions 
to  the  climatological  trend  in  yearly  shower  activity.  The 
winter  amount  of  shower  activity  seems  to  have  peaked  in  the 
1920's  and  has  been  rising  again  since  about  1940.  The  clima¬ 
tological  peak  in  the  summer  shower  activity  occurred  in  1953. 


3.3.4.  Mean  Monthly  Precipitation 

Figure  3.3.4  shows  the  averages  and  standard  deviations  over  the 
whole  record  (1875-1980)  of  the  monthly  precipitation  at  Fano. 
One  can  see  by  the  sizes  of  the  standard  deviations  that  the 
variation  in  precipitation  is  quite  large. 


MONTH 


Pig.  3,3.4.  Averages  and  standard  deviations  (1875-1980)  of  the 
Monthly  precipitation  at  Pane. 


3.3.5.  Conclusion 

It  appears  that  the  climatological  increase  in  precipitation 
which  occurred  during  the  first  half  of  the  20th  century  re¬ 
sulted  mainly  from  an  increase  in  shower  activity.  This  con¬ 
clusion  follows  from  the  observation  that  although  there  has 
been  increased  precipitation  during  this  period,  there  have 


also  been  longer  dry  periods  and  greater  numbers  of  days  in 
which  there  was  more  than  the  usual  amount  of  precipitation. 


3.4.  Pressure 


3.4.1.  Mean  Annual  Pressure 

Atmospheric  pressure  at  Fane  was  measured  daily  at  the  three 
observation  times,  0800,  1400,  and  2100.  Figure  3.4.1a  shows 
a  plot  of  the  annual  average  pressure,  for  each  of  the  obser- 


Ptq.  3.4.1a.  Annual  average  atmospheric  pressure  at  Fane  for  the 
observation  tines,  0800,  1400,  and  2100,  as  a  function  of  year. 


vation  times,  as  a  function  of  year.  The  30-year  running  means 
of  the  pressures  measured  at  the  three  observation  times  are 
shown  in  Fig.  3.4.1b.  The  diurnal  variation  in  pressure  shows 
up  clearly  in  the  graph,  and  there  is,  climatologically ,  a  trend 
toward  increasing  pressure  from  the  last  part  of  the  19th  cen¬ 
tury  up  to  about  1933,  followed  by  a  decline  to  the  present  day. 
One  would  expect  that  if  this  trend  is  real,  a  decrease  in 
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U>.  30-year  running  mean  of  the  atmospheric  pressure 
at  Fane  for  the  observation  times.  0800.  1400,  2100. 


cloudiness  and  in  the  frequency  of  passage  of  cyclones  would 
also  be  discernible  from  the  record. 


3.4,2.  Frequency  of  Cyclones 

A  cyclone  was  presumed  to  have  passed  the  station  at  Fane  if  the 
pressure  dipped  to  below  990  mb,  or  below  980  mb,  before  rising 
again  to  more  than  1000  mb.  Figure  3.4.2a  show  the  annual  number 
of  cyclones  (pressure  <  990  mb)  observed  at  Fane,  as  a  function 
of  year.  The  number  ranges  from  a  high  of  13  in  1915  to  a  low  of 
two  in  1923.  Figure  3.4.2b  shows  the  number  of  cyclones  with 
pressures  less  than  980  mb  observed  each  year.  There  was  a  high 
of  six  in  1961  and  a  low  of  zero  in  1930,  1934,  1943,  1947,  and 
1964.  Figure  3.4.2c  shows  the  30-year  running  mean  of  the  number 
of  cyclones,  with  pressures  less  than  990  mb,  passing  the 
station  each  year.  A  climatological  decrease  of  more  than  20%  in 
the  number  of  cyclones  occurred  between  the  end  of  the  19th  cen¬ 
tury  and  the  1930's.  There  appears  to  be  a  small  trend  toward  an 
increase  in  the  number  of  cyclones  passing  the  station  at  Fane 
since  the  1930's. 
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Most  cyclone  passages  occur  in  the  winter  half  of  the  year. 
Figure  3. 4. 2d  shows  the  30-year  running  means  of  the  number  of 
cyclone  passages  (pressure  <  990  mb)  during  summer  (April- 
September)  and  during  winter  (October-March ) .  One  can  see  that 
most  of  the  trend  in  the  annual  number  of  cyclone  passages  is 
accounted  for  by  the  variation  in  the  number  of  winter  cyclones. 
Although  the  number  of  cyclone  passages  is  determined  from  the 
pressure  record  and  is  thus  not  independent  of  it,  the  apparent 
climatological  decrease  in  cyclone  passage  during  the  first 
third  of  the  20th  century  goes  along  with  the  climatological 
increase  in  mean  pressure  discernible  from  the  atmospheric 
pressure  record  from  Fan®. 

A  maximum  in  the  zonal  index,  which  corresponds  to  a  minimum  in 
the  number  of  surface  cyclone  passages,  has  also  been  determined 
to  have  occurred  in  the  1930’s  (see  Lamb,  1972,  pp.  269-272). 
There  apparently  has  been  increased  storminess  in  the  1950’s 
relative  to  the  1930's,  resulting  from  a  southward  movement  of 
the  mean  storm  track  (Lamb,  1969,  p.  219).  These  observations 
are  consistent  with  the  findings  from  the  Fan®  pressure  record. 


3.5.  Cloudiness 


3.5.1.  Mean  annual  Cloud  Cover 

Mean  cloudiness  in  octals  for  each  of  the  observation  times, 
0800,  1400,  and  2100,  at  Fan®  are  shown  in  Fig.  3.5.1a.  For, 
most  years  it  is,  on  the  average,  most  cloudly  at  0800  and  least 
cloudy  at  2100.  Figure  3.5.1b  shows  the  30-year  running  mean  of 
the  cloudiness  for  the  hours  of  0800,  1400,  2100.  There  is  a 
definite  climatological  maximum  cloudiness  occurring  around  1912 
and  a  minimum  in  the  late  1930's  to  the  early  1940's.  There  is  a 
curious  convergence  of  the  curves  for  1400  and  2100  hours.  The 
cause  is  unknown  but  it  is  hard  to  attribute  this  to  observer 
error.  Possibly  some  local  pollution  source  has  developed  since 
the  late  1940's  causing  an  increase  in  evening  cloudiness.  Fig¬ 
ure  3.5.1c  shows  the  30-year  running  mean  of  the  cloudiness  for 
1400  hours  during  the  summer  and  during  the  winter  months.  The 
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fig.  3. 5.  lb.  30-year  running  means  of  the  cloudiness  observed 
at  0800,  MOO,  and  2100,  at  Pan*. 
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Fig.  3.5.1c.  30-year  running  means  of  the  cloudiness  observed 
at  MOO  during  summer  and  during  winter  at  Fane. 


maximum  in  cloudiness  around  1912,  which  was  observed  in  the  30- 
year  average  annual  cloudiness  (Fig.  3.5.1b),  is  not  apparent 
here.  The  climatological  minimum  in  cloudiness  in  the  period 
around  the  1930's  is  easily  seen,  however. 


The  trends  toward  decreased  cloudiness  and  increased  pressure 
during  the  first  third  of  the  1900's  are  consistent  with  each 
other  in  that  high  pressure  regions  tend  to  be  less  cloudy  than 
low  pressure  regions.  Since  the  two  observations,  pressure  and 
cloudiness,  are  independent  of  each  other,  it  is  probable  that 
the  trends  are  real  and  not  some  artifact  of  the  observation  or 
data  analysis  process. 


3.6.  Visibility 


Figure  3.6  shows  the  visibility  (scale  0-9)  observed  at  Fane  for 
the  three  observation  times,  0800,  1400,  and  2100.  The  record  is 
too  short  for  any  meaningful  climatological  analysis  to  be 

undertaken.  [ 
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Fig.  3.6.  Visibility  (0-9)  observed  at  0800,  MOO,  and  2100, 
at  Fane,  as  a  function  of  year. 


3.7.  Winds 


3.7.1.  Wind  Speed 

An  analysis  of  the  wind  record  from  Fan®  for  climatic  variations 
is  difficult,  and  may  be  impossible,  for  several  reasons,  in¬ 
cluding:  1)  the  wind  speed  and  direction  are  estimated  subjec¬ 
tively  by  the  observer  rather  than  being  objectively  measured  by 
instruments;  2)  observers  and  sites  of  observation  have  changed 
over  time;  3)  the  scale  in  which  the  winds  are  reported  has 
changed  from  a  seven-category  land  scale  to  the  13-category 
Beaufort  or  sea  scale;  and  4)  the  assignment  of  a  numerical 
value  to  the  observed  wind  is  a  subjective  judgment  and  has  no 
one-to-one  correspondence  with  the  wind  speed  (Alcock  and 
Morgan,  1978). 

There  are  advantages  in  using  the  record  of  a  trained  observer 
who  has  recorded  his  observations  using  the  Beaufort  scale. 
Anemometer  records  are  fallible;  anemometers  are  quite  often 
poorly  sited,  so  that  their  measurements  are  not  representative 
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of  the  overall  wind  conditions  in  the  area;  they  do  not  always 
operate  properly;  their  maintenance  may  not  be  sufficient;  and 
for  low  wind  speeds  they  may  not  operate  at  all.  A  trained  ob¬ 
server,  on  the  other  hand,  can  record  overall  wind  conditions, 
can  distinguish  between  calm  and  low  wind  speeds,  and  naturally 
tends  to  report  an  integrated  observation  of  the  prevailing  con¬ 
ditions  rather  than  making  a  nearly  instantaneous  observation  of 
the  present  wind  speed  and  direction  at  a  particular  location. 
The  Beaufort  system  of  wind  classification  can  be  a  rather  use¬ 
ful  if  imprecise  measure  of  the  state  of  the  wind.  For  deter¬ 
mining  the  presence  of  air  stagnation  conditions,  it  may  be 
better  than  anemometer  records;  however,  though  it  may  be  used 
for  rough  estimates,  for  quantifying  available  wind  power  a 
well-situated  anemometer  is  necessary.  Unfortunately  there  are 
few  anemometers  located  at  potential  sites  for  the  establishment 
of  wind  generators. 

While  most  observers  appeared  to  be  consistent  in  their  own 
method  of  reporting  the  wind  conditions  at  Fane>,  there  are  large 
differences  in  the  frequency  distributions  of  the  observed  winds 
determined  from  the  reports  of  each  observer.  The  frequency  dis¬ 
tribution  of  the  wind  force  during  the  1930's  is  quite  different 
than,  and  inconsistent  with,  the  distributions  before  or  after 
that  time. 

Prior  to  1911  a  seven-category  land  scale  was  used  to  report  the 
force  of  the  wind;  after  1911  a  13-category  Beaufort  or  sea 
scale  was  used.  The  two-systems  do  not  directly  correspond  to 
each  other  and,  in  order  to  have  a  foundation  on  which  to  match 
the  two  reporting  systems,  it  was  necessary  to  assume  that  the 
winds  during  the  later  part  of  the  record  were  essentially  the 
same  as  those  during  the  early  part  of  the  record.  Thus  one 
must  assume  that  there  has  been  no  significant  change  in  the 
wind  climate  between  the  last  part  of  the  19th  century  and  the 
middle  part  of  the  present  century  in  order  to  be  able  to  match 
the  old  0-6  category  wind  scale  with  the  modern  Beaufort  scale. 
The  land  scale  had  been  arbitrarily  fit  to  the  Beaufort  scale 
simply  by  doubling  the  scale  value  of  the  old  system.  Thus,  e. 
g.,  category  or  Force  2  in  the  old  system  would  be  assigned 
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Force  4  in  the  new  system.  This  resulted  in  a  large  difference 
in  the  frequency  distributions  of  the  wind  forces,  between  those 
reported  before  1911  and  those  reported  after  1911.  Obviously 
the  climate  change  implied  by  such  a  radical  change  in  the  winds 
is  highly  unlikely. 

In  Table  3.7.1  are  shown  both  the  land  scale  and  sea  scale  and 
the  variations  in  the  sea  scale  or  Beaufort  system  over  the  cen¬ 
tury  (Hartby,  1981).  The  wind  speed  intervals  associated  with 
the  Beaufort  categories  have  changed  over  time,  underlining  the 
difficulty  in  assigning  wind  speeds  to  Beaufort  numbers.  The  as¬ 
sumed  correspondence  between  the  two  systems,  as  shown  in  the 
table,,  results  from  the  best  fit  that  could  be  obtained  by 
matching  the  frequency  distributions  of  the  winds  reported  in 
the  early  part  of  the  record  to  those  reported  in  the  later 
part.  Figures  3.7.1c  shows  that  a  reasonable  match  between  1874- 
1900  and  1956-1970  has  been  obtained.  After  the  best  match  was 
obtained  between  the  early  and  later  parts  of  the  record,  the 
reports  of  one  observer,  Tingberg,  who  used  both  systems,  were 
compared  with  each  other.  He  made  reports  both  in  the  period 
before  1911  and  after  the  Beaufort  system  was  introduced,  one 
can  see  the  consistency  in  the  reports  by  Tingberg  both  in  the 
old  and  new  systems  if  one  assumes  that  the  obtained  transforma¬ 
tion,  made  by  matching  the  early  and  later  part  of  the  record, 
is  correct.  In  the  remaining  part  of  this  section  it  is  assumed 
that  the  new  and  old  wind  scales  match  according  to  the  trans¬ 
formation  given  in  Table  3.7.1. 

Because  of  a  lack  of  a  definite  correspondence  between  wind 
speed  and  Beaufort  force,  the  winds  are  discussed  in  terms  of 
force  and  not  of  speed,  even  though  the  raw  data  had  been 
transformed  from  force  number  to  units  of  speed  (m/s).  In  this 
study  the  units  of  speed  recorded  on  the  Meteorological 
Institute  computer  tape  were  retransformed  back  to  force  number 
in  the  old  land-scale  system.  The  Beaufort  system  was  not  used 
because  one  cannot  easily  convert  seven  force  categories  into  13 
without  coming  up  with  an  unreasonable  force  frequency  distri¬ 
bution,  and  also,  by  studying  the  frequency  distribution  of  the 
winds  when  reported  in  the  Beaufort  13-category  system,  one  can 
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Table  3.7.1.  Comparison  between  the  Danish  land  and  sea  scales 
consistent  with  wind  data  from  Pane. 


LAND  1895 
SCALE 

SEA  1895 

SCALE 

1911 

1 930  's 

1976 

0  Stille 

0  Calm* 

V inds t i lie 

Stille 

Stille 

0-2  m/s 

<  2  kts$ 

0-1  m/s 

0-1  k/h 

<1  kts 

1  Svag 

1  Light 

Let 

Svag 

Svag 

2-6  m/s 

Air 

Bri  se 

Luf tning 

Luf tni ng 

<  7  kts 

2-3  m/s 

2-6  k/h 

1-3  kts 

2  Frisk 

2  Light 

Svag 

Svag 

Svag 

6-10 

Breeze 

Ruling 

Brise 

Vind 

m/s 

e.  Vind 

<  11  kts 

9-5  m/s 

7-12  k/h 

9-6  kts 

3  Gentle 

Moderat 

Let 

Let 

Breeze 

Ruling 

Brise 

V  ind 

e.  Vind 

<  16  kts 

6-7  m/s 

13-18  k/h 

7-10  kts 

3  Stiv 

9  Moderate 

Frisk 

Javn 

Javn 

10-15 

Breeze 

Ruling 

Brise 

Vind 

m/s 

e.  Vind 

<  20  kts 

8-9  m/s 

19-26  k/h 

11-16  kts 

5  Fresh 

'Stiv 

Frisk 

Frisk 

Breeze 

Ruling 

Brise 

Vind 

e.  Vind 

<  25  kts 

10-11  m/s 

27-  15  k/h 

17-21  kts 

6  Strong 

Meget 

Ruling 

Hird 

Breeze 

Stiv 

e.  Blast 

Vind 

Ruling 

<  29  kts 

12-13  m/s 

36-99  k/h 

22-27  kts 

9  Haard 

7  Moderate 

Haard 

Stiv 

Stiv 

15-20.5 

Gale 

Ruling 

Ruling 

Ruling 

m/s 

e.  Blast 

e.  Blast 

<  35  kts 

19-15  m/s 

95-59  k/h 

28-33  kts 

8  Fresh 

Stormende 

Haard 

Hard 

Gale 

Ruling 

Ruling 

Ruling 

e.  Bl$st 

e.  Blast 

<  92  kts 

16-18  m/s 

55-65  k/h 

39-90  kts 

5  Storm 

9  Strong 

Storm 

Storm 

Stormende 

20.5-30 

Gale 

Ruling 

m/s 

<  99  kts 

19-21  m/s 

66-77  k/h 

91-97  kts 

10  Whole 

Haard 

3  t»rk 

Storm 

Gale 

Storm 

Storm 

<  57  kts 

22-25  m/s 

78-90  k/h 

98-55  kts 

6  Orkan 

1  1  Storm 

Orkanagtig 

Orkanagt ig 

Stark 

>30  m/s 

Storm 

Storm 

Storm 

<  66  kts 

26-30  m/s 

91-109  k/h 

56-63  kts 

12  Hurricane 

Orkan 

Orkan 

Orkan 

<  79  kts 

>30  m/s 

>109  k/h 

>6^4  kts 

‘Original  Beaufort  designations 

$Wind  speed  units  in  this  table  are  the  primary  units  that  were 
published  with  each  version  of  the  wind  scale. 


see  that  an  observer,  at  least  at  a  sea  coast  station,  cannot 
distinguish  13  separate  wind  categories  and  tends  to  favor  cer¬ 
tain  categories  over  others,  resulting  in  unreasonable  wind 
force  distributions.  The  same  kind  problem  occurs  when  trying 
subjectively  to  report  the  wind  direction  with  the  great 
precision  of  36  ten-degree  sectors  or  even  with  the  lesser 


precision  of  eight  45-degree  sectors;  this  will  be  discussed  in 
the  following  section  on  wind  direction. 

The  annual  mean  wind  force  (land  scale)  is  shown  in  Fig.  3.7.1a 
as  a  function  of  year.  It  varies  from  about  force  1.5  to  2.4  and 
reveals  no  particular  trend.  This  tends  to  support  the  trans¬ 
formation  between  the  Beaufort  and  the  land  scale  used  in  this 
study. 

Figure  3.7.1b  shows  the  year-to-year  variation  of  the  wind  force 
frequency  distribution  for  each  wind  force  category.  There  are 
radical  departures  from  the  mean  during  the  period  between  about 
1920  and  1945.  However,  there  is  fairly  good  agreement  between 
the  periods  1875  to  1900  and  1945  to  1980  even  though  the  winds 
in  the  later  period  were  originally  reported  in  the  Beaufort 
system  rather  than  in  the  land  scale  system  used  here.  It  is  ob¬ 
vious  from  the  data  that  there  are  severe  discrepancies  in  the 
the  wind  reports  in  the  1920-1945  period. 

Figure  3.7.1c  shows  the  wind  force  frequency  distributions  for 
various  parts  of  the  wind  record,  selected  for  averaging  by  ob¬ 
server  and  by  superficial  similarities  in  the  year-to-year  fre¬ 
quency  distribution.  It  shows  that,  after  transformation  from 
the  Beaufort  system  to  the  land  scale  according  to  the  scheme 
presented  in  Table  3.7.1,  the  frequency  distribution  for  the 
early  (1874-1900)  and  later  (1956-1970)  parts  of  the  record  are 
in  good  agreement.  It  also  shows  that  with  this  transformation, 
the  pre-  and  post-1911  observations  by  Tingberg  are  reasonably 
consistent  with  one  another. 

Figures  3. 7. Id-3. 7 . 1g  show  the  vector-averaged  winds  by  year  and 
the  30-year  running  means  of  the  vector-averaged  winds  for  the 
three  reporting  times  (0800,  1400,  2100)  in  which  they  were  ob¬ 
served.  There  appears  to  be  some  small  tendency  for  a  decrease 
in  each  component  over  time  but  it  is  not  obvious  that  this  is 
real  or  an  artifact  of  the  record. 
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WIND  FORCE  (0-6  Land  Scale) 

Fig,  3. 7.  1c.  Average  number  of  reports  pet  year  from  Fane  of 
each  wind  speed  category  for  selected  periods,  for  the  years 
after  1910  the  original  reported  force  numbers  were  reduced  to 
the  land  scale  according  to  the  scheme  shown  in  Table  3.7,1, 
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Fig.  3.7. Id.  Annual  mean  wind  vector  components  at  Pane 
(averaged  from  reports  made  of  observations  taken  at  1400 
hours)  as  functions  of  year. 


r  components  at 


1880  1900  1920  1940  I960  1980 


YEAR 

Pig .  3.  7.  1g .  Same  as  Pig.  3.7.  le  but  from  observations  made  at 
2 tOO  hours. 


3.7.2.  Wind  Direction 

Wind  directions  were  originally  reported  in  terms  of  the  eight 
points  of  the  compass,  but  were  later  ocnverted  to  36  ten-degree 
sectors.  However,  if  one  studies  the  frequency  distributions  of 
the  reported  winds,  it  is  obvious  that  there  are  observer 
favored  wind  directions,  most  likely  due  to  the  observer  being 
unable  to  distinguish  wind  direction  to  such  precision,  and  also 
due  to  the  fact  that  for  the  early  part  of  the  record,  when  only 
eight  directions  were  used,  unreasonable  frequency  distributions 
would  necessarily  be  obtained  when  transforming  to  36  direc¬ 
tions.  In  this  study  the  wind  directions  were  reconverted  to  the 
eight  compass  points  of  the  original  reports. 

Figure  3.7.2a  shows  the  frequency  distributions  of  the  wind 
directions  for  each  point  (45-degree  sector)  of  the  compass.  The 
wild  gyrations  in  the  middle  part  of  the  record  are  obvious,  as 
well  as  the  much  greater  frequency  of  the  westerly  wind  direc¬ 
tion  (most  frequent)  in  the  record  from  1875  to  about  1907. 


NUMBER  OF  REPORTS  FOR 

NUMBER  OF  REPORTS  ?  EACH  WIND  DIRECTION 

130  year  running  mean)  *  [f  (eight -point  compass) 
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2c.  30-year  running  mean  number  of  reports  per  year 
from  Pan®  of  each  wind  direction  (four  cardinal  directions) 
as  functions  of  year. 


Figure  3.7.2b  shows  the  30-year  running  mean  of  the  frequency 
distributions  of  the  eight  wind  directions.  The  bias  by  the  ob¬ 
server  for  the  four  cardinal  directions  is  obvious  in  the  early 
part  of  the  record.  In  order  to  remove  this  bias,  the  wind 
directions  were  reduced  again  to  the  four  cardinal  directions 
and  the  frequency  distributions  of  these  directions  are  shown  in 
Fig.  3.7.2c. 

It  is  difficult  to  draw  conclusions  from  the  trends  in  wind 
direction  shown  in  this  Fig.  3.7.2c.  There  appears  to  be  a  gen¬ 
eral  decline  in  the  frequency  of  westerly  winds,  however,  the 
distinct  minimum  in  the  frequency  of  easterlies  is  probably  due 
to  the,  apparently,  very  poor  quality  of  the  wind  reports  in  the 
years  just  prior  to  and  during  World  War  II. 


3.7.3.  Conclusions 

One  must  not  make  too  much  of  the  winds  reported  at  Fane.  If 
there  are  any  trends  in  wind  speed,  they  cannot  be  determined 
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from  this  record.  There  may  be  trends  in  wind  direction,  par¬ 
ticularly  the  apparent  decline  in  the  frequency  of  westerlies, 
but  these  require  supporting  evidence  before  they  can  be  taken 
seriously. 

The  modern  day  tendency  to  make  all  observations  objective  and 
precise  may  not  always  yield  hoped-for  results.  From  the  Fana 
data  it  seems  apparent  that  an  observer  is  unable  to  divide 
winds  into  13  categories  and  10  directions  without  the  aid  of 
instruments  and,  when  observations  are  reported  to  such  pre¬ 
cision,  the  resulting  frequency  distributions  tend  to  be  un¬ 
reasonable.  It  seems  that,  unaided  by  instruments,  a  land- 
based  observer  should  not  be  expected  to  distinguish  between 
more  that  7  categories  of  wind  force  and  8  compass  directions. 


3.8.  Statistics  of  Weather  Variables 


3.8.1.  Means  and  Standard  Deviations 

Table  3.8.1  gives  the  means  and  standard  deviations  of  over  the 
period  from  1875  to  1980  of  the  annual  averages  of  most  of  the 
weather  variables  measured  at  Fana  and  of  some  of  the  quantities 
derived  from  the  data. 


3.8.2.  Trend  Analysis 

Linear  and  parabolic  regression  statistics  were  computed  for 
most  of  the  annual  averages  of  the  weather  variables  on  year. 

The  interannual  variations  of  the  yearly  averages  of  the  vari¬ 
ables  are  so  large,  however,  that  any  trends  which  exist  are 
hidden  by  the  interannual  variations.  As  can  be  seen  in  the 
preceeding  sectional  of  this  report,  many  apparently  real  trends 
were  found  in  the  variables,  after  long-term  running  means  were 
computed  in  order  .•>  dampen  the  high-frequency  interannual  vari¬ 
ations. 

A  regression  computation  was  made  of  the  summer  temperature  on 
the  preceeding  winter  temperature  in  order  to  find  out  if  there 
is  any  relation  between  the  summer  temperature  and  the  preceed¬ 
ing  winter  temperature.  No  correlation  was  found. 
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Table  3.8. 1 .  Statistics  of  annual  averages  of  weather  variables 
at  Fane  for  the  period  1875  through  1980. 


Variable 

Units 

‘•‘ear. 

r;  t  a 

Temperature 

C 

7e  v 

annual 

-■*  .  ’ 

C  . 

summer 

;  'i .  7 

0 .  ? 

winter 

r 

1  . 

daily  maximum 

i  ’  .*•» 

’  .0 

daily  minimum 

r  .  ■? 

'? .  3 

daily  range 

5.8 

0.7 

at  moo 

;  9 . 0 

.  9 

Degreedays  (base  1 7 C ) 
annual 

deg  days 
/year 

3291 

771 

heating  season 

(Oct-Apr ) 

280  3 

.:?  * 

Dew  point  (at  1400) 

c 

6.5 

1  .0 

Precipitation 

mm/yr 

705 

1  19 

>20  mro/day 
summer 

days/yr 

1.9 

i .  u 

winter 

1  . 4 

1  .c 

Pressure  (at  1400) 

mb 

1013.2 

1  .5 

Cyclones 

(p  <  990mb) 

number/yr 

8.5 

7.0 

Cloudiness  (at  1400) 

octals 

5.  1 

0.4 
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A.  APPENDIX 


A.1.  Annual  Means 


Table  5.1  lists  the  annual  averages  of  the  various  quantitative 
weather  variables  in  the  Fana  record.  The  winds  are  vector  aver¬ 
ages  of  the  observations,  recorded  or  converted  to  the  0-6 
category  to  Danish  "land"  scale. 


A. 2.  Wind  Data  Frequency  Distributions 

Table  5.2  lists  the  frequency  distributions  in  number  of  reports 
per  year  of  the  wind  force  (0-6  category  land  scale)  and  the 
wind  direction  (eight-point  compass).  Wind  force  observations 
after  1911  were  recorded  using  the  0-12  category  Beaufort  system 
but  have  been  converted  here  to  the  land  scale  by  matching  the 
frequency  distributions  from  the  early  and  late  parts  of  the 
record.  The  wind  direction  data  on  the  magnetic  tape  from  the 
Danish  Meteorological  Institute  were  recorded  in  10-degree  in¬ 
crements  but  have  been  converted  to  the  eight-point  compass 
here. 
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Table  5.1.  Annual  averages  of  quantitative  weather  variables 
measured  at  Fane  between  1872  and  1980. 
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